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Introduction____________________
Mountain pine beetle, Dendroctonus ponderosae 
Hopkins, is a primary mortality agent in ponderosa 
pine, Pinus ponderosae Dougl. Ex Laws, forests and 
has been at epidemic levels in the Black Hills of South 
Dakota since 2000. Abundant mountain pine beetle-
caused tree mortality presents many forest management 
challenges to land managers. Some include, but are not 
limited to, the occurrence of mortality in high-value 
areas such as recreation areas, visual corridors, com-
munity watersheds, and vegetative sites designated as 
timber production areas. Under certain circumstances, 
mitigating the effects of mountain pine beetle-caused 
mortality is desirable, but methods to accomplish this 
are limited.
Bark beetles regulate the attack process on its host 
to avoid overcrowding the host through a very com-
plex chemical communication system that includes the 
use of pheromones. Verbenone (4,6,6-trimethylbicyclo 
[3.1.1]-hept-3-en-2-one), has been identified as a chem-
ical with anti-aggregation or repellent properties that 
arrests additional mountain pine beetle attacks on a tree. 
This anti-aggregation compound is insect-produced 
and is most likely released when the resource is fully 
utilized by the insects already present. The use of syn-
thetically-produced verbenone has been experimentally 
tested for reducing the number of mountain pine beetle-
attacked trees in various studies, primarily in lodgepole 
pine, Pinus contorta Dougl. Ex. Loud., forests. In the 
past, results have been mixed, but some studies have 
had encouraging results.
Various studies indicate that reduced mountain 
pine beetle catches result when verbenone is add-
ed to pheromone traps that contain a mountain pine 
beetle attractant (trans-Verbenol, exo-Brevicomin, 
and myrcene) (Borden and others 1987; Schmitz and 
McGregor 1990; Amman and Lindgren 1995; Miller 
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and others 1995). Studies that also examined the use 
of verbenone to reduce mountain pine beetle attacks 
on lodgepole pine produced mixed results (Lindgren 
and others 1989; Amman and others 1989; Amman and 
others 1991; Gibson and others 1991). There are a va-
riety of explanations associated with the mixed results 
that are discussed by Amman and Lindgren (1995) and 
Progar (2005).
Three verbenone studies in the Black Hills, South 
Dakota, Uncompahgre National Forest, Colorado (Lister 
and others 1990; Bentz and others 1989), Kootenai 
National Forest and other State and private lands south 
of Darby, Montana (Gibson and others 1991) did not 
demonstrate reduced attacks in ponderosa pine. These 
studies used bubble caps, plastic capsules that elute 
the verbenone to the environment through a permeable 
membrane.
In lodgepole pine stands in central Idaho, Progar 
(2005) examined verbenone efficacy over a 5-year 
period in the same stands. Reduced mortality was ob-
served the first 2 years of treatment with no significant 
differences detected the following 3 years. The author 
concluded that verbenone may be effective in the early 
stages of an outbreak, but is no longer efficacious as 
insect populations increase. Bentz and others (2005) 
demonstrated efficacy of verbenone in lodgepole and 
whitebark pine sites in Idaho and Montana. These two 
studies (Progar 2005; Bentz and others 2005) used a 
pouch containing 5 g of verbenone as a release device 
instead of the bubble caps used in previous studies. The 
passive-release pouch is plastic and also elutes the ver-
benone through a permeable membrane but can hold 
larger amounts of the material. The amount and rapidity 
of verbenone release is based on ambient air tempera-
tures.
In this research note we present results from a verbe-
none test conducted to examine potential reduction of 
mountain pine beetle attacks in ponderosa pine stands 
in 2000 and 2002 at the Black Hills, SD. In the 2000 
test, we used bubble caps and in the 2002 test, we used 
the verbenone pouch.
Methods_______________________
The 2000 test was conducted near the town of Nemo 
in the Black Hills. Thirty 1-acre plots were delineated 
for the experiment in June, 2000. Plots were at least 
2/10 of a mile apart. The diameter at breast height (dbh) 
was measured for every tree in each plot to calculate 
average tree diameter and stand stocking. Verbenone 
was deployed using passive release bubble caps (Phero 
Tech, Inc., Delta, British Columbia, Canada). Each cap 
contained 0.8 g of verbenone. The release rate provided 
by the manufacturer is 2 mg/day at 68° F and 15/per 
day at 86° F. Treatments included 25 or 60 bubble caps/
acre and an untreated control. Treatments were ran-
domly assigned to the experimental plots. In the treated 
plots, bubble caps were evenly distributed across the 
stand and stapled on the north side of trees about 6 to 
7 ft above the ground. At the center of each plot, three 
mountain pine beetle attractants composed of trans-
Verbenol, exo-Brevicomin, and myrcene were placed 
on host trees to assure beetle pressure in the plot. Each 
treatment was replicated 10 times. Bubble caps were 
deployed the first week in July. In the fall, after beetle 
flight was completed, every tree in each plot was ex-
amined for mountain pine beetle attack. We recorded 
whether the tree was alive (not attacked), mountain-pine 
beetle mass-attacked (successful attack), strip-attacked 
(partial beetle attack), a pitch-out (unsuccessful beetle 
attack), or mortality caused by other agents. We also 
recorded the distance from each mountain pine bee-
tle-attacked tree to the closest verbenone bubble cap, 
distance to the plot attractant, and maximum attack 
height on each tree bole.
The 2002 test was also conducted near Nemo, SD. 
Fifteen 1-acre plots were used in this test, also at least 
2/10 of a mile apart. Verbenone was deployed using a 
the permeable plastic pouch. Each pouch contained 5 g 
of 98 percent pure verbenone. Elution rate was 25 mg/
day at 86° C. Treatments included 30 and 50 pouches/
acre and an untreated control, all of which were as-
signed randomly to the study plots. Five replicates of 
each treatment were conducted. Plot layout and treat-
ment evaluation was the same as described above for 
the 2000 test. In both years, insect populations could be 
characterized as endemic. A survey of the area in 1999 
reported 2.5 infested trees/acre (McMillin and Allen 
1999)
For both years, response variables were compared us-
ing the Multi-response permutation procedure1, which is 
based on Euclidean distance (Mielke and Barry 2001). 
When significance differences were detected, multiple 
comparisons among treatments were based on the Peritz 
1 An Excel macro written by Rudy M. King, Station Biometrician, Rocky 
Mountain Research Station, Fort Collins, CO, was used.
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closure method (Petrondas and Gabriel 1983). This test 
maintains Type I error at or below 0.05.
Results________________________
2000 Test. There were no significant differences in 
pre-treatment stocking levels among the plots that re-
ceived the different treatments. Untreated control plots 
had a significantly smaller dbh compared to the plots 
treated with 25 or 64 bubble caps (P < 0.01) (table 1). 
There were no significant differences in the number of 
mountain pine beetle-killed trees, strip attacks, or pitch 
outs among treatments (table 2). Regarding mountain 
pine beetle-killed trees, there were no significant dif-
ferences observed in dbh, attack height, or distance 
to attractant. Distance of attacked trees to the closest 
verbenone bubble cap was significantly higher in the 
25 caps/acre treatment compared to the 64 caps/acre 
treatment. As there were no other treatment efficacy 
differences, this distance to verbenone difference is as-
sociated with the density of caps per acre and not any 
treatment effect (table 3).
2002 Test. No significant differences were observed 
in pre-treatment stocking or dbh among study plots 
with different treatments (table 4). No significant dif-
ferences were detected in the number of mass attacked 
trees among the treatments. Only one pitch-out was 
Table 1. Ponderosa pine stand characteristics prior to treatment in experimental plots, summer 2000, 
Black Hills National Forest, SD. Numbers in parenthesis denote standard error of the mean.
 Mean DBH   Mean Basal Area  Mean Stand
Treatment (in) Mean Trees/Acre (ft2/acre) Density Index
25 Bubble caps/Acre 9.2 (0.3)  261.9 (27.8)  116.3 (9.6)  224.3 (17.8)
64 Bubble caps/Acre 9.2 (0.3)  279.5 (18.1)  126.5 (6.0)  248.1 (10.7)
Control 8.4 (0.1) * 325.4 (23.6)  122.9 (7.2)  252.9 (17.1)
* Denotes a significant difference between both treatments and the control (P < 0.05). No other statistical differences 
observed (p < 0.05).
Table 2. Mountain pine beetle-killed Ponderosa pines, strip attacks, and pitch outs, 2000 verbenone 
test, Black Hills National Forest, SD. Numbers in parenthesis denote standard error of the 
mean.
 Mean Number of Mountain  Mean Number of  Mean Number
Treatment Pine Beetle-Killed Trees Strip Attacks of Pitch-outs
25 Bubble caps/Acre 9.9 (2.7)  1.6 (0.5)  3.4 (0.9)
64 Bubble caps/Acre 5.8 (1.3)  1.7 (0.5)  1.5 (0.5)
Control 11.9 (3.7)  0.3 (0.2)  3.4 (0.9)
No statistical differences observed (p < 0.05).
Table 3. Mountain pine beetle-killed trees DBH, bark beetle attack height, and distances to attractant 
and closest verbenone bubble cap, 2000 verbenone test, Black Hills National Forest, SD. Numbers 
in parenthesis denote standard error of the mean.
  Mean Attack  Mean Distance  Mean Distance  
Treatment Mean DBH (in) Height (ft) to Attractant (ft) to Verbenone (ft)
25 Bubble caps 9.7 (1.0)  10.9 (0.7)  27.4 (8.5)  18.5 (1.5) *
64 Bubble caps 10.0 (0.7)  11.4 (1.2)  13.9 (3.9)  12.4 (1.1)
Control 8.7 (0.9)  11.3 (1.1)  20.6 (4.8)  NA
* Denotes a significant difference between both treatments (P < 0.01). No other statistical differences observed 
(p < 0.05).
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recorded in the 30 pouches/acre treatment; no differenc-
es occurred between the control and the 50 pouches/acre 
treatment (table 5). No strip attacks were observed in any 
of the plots. There were few plots with attacked trees in 
this test. In two of the control plots, three plots of the 30 
pouches/acre treatment and one plot with 50 pouches/
acre, no attacked trees were recorded. Therefore, com-
paring attacked tree characteristics among plots is not 
meaningful. For descriptive purposes, we present mean 
dbh, attack height, and distance to attractant and near-
est verbenone pouch for all attacked trees in every plot 
(table 6). No trends of particular interest are noted.
Discussion_____________________
Mountain Pine Beetle-Caused Mortality 
Levels
In the 2000 test, a total of 119, 99, and 58 mountain 
pine beetle-killed trees were counted in the control, 25, 
and 64 bubble cap treatments, respectively. These num-
bers represent 3.7, 3.8, and 2.1 percent of the total trees 
in the control, 25, and 64 bubble cap plots, respectively. 
In the 2002 test there were 26, 6, and 27 mountain pine 
beetle-killed trees in the control, 30 pouches/acre, and 
50 pouches/acre, respectively. These numbers represent 
0.8, 0.3, and 1.3 percent of the total trees in the control, 
30 pouches/acre, and 50 pouches/acre, respectively.
In their studies at the Black Hills and the Uncompahgre 
NF, Bentz and others (1989) examined the use of bubble 
caps in ponderosa pine using 10, 20, 40, or 80 caps/acre 
and a control and observed no differences among treat-
ments. The percent of trees attacked in their study plots 
ranged from 1 to 7 percent in the Black Hills and from 
15 to 41 percent in the Uncompahgre NF. The most 
promising results were presented by Lister and others 
(1990) in another experiment in the Black Hills, us-
ing the same rates of bubble caps as Bentz and others 
(1989). They did not observed significant differences 
among treatments yet reported a consistent decrease in 
the number of attacked trees per plot from 29.1 in the 
Table 6. Mountain pine beetle-killed trees DBH, bark beetle attack height, and distances to attractant and 
closest verbenone bubble cap, 2002 verbenone test, Black Hills National Forest, SD. Numbers in parenthesis 
denote standard error of the mean.
  Mean Attack  Mean Distance to Mean Distance to 
Treatment Mean DBH (in) Height (ft) Attractant (ft) Verbenone (ft)
30 Pouches per Acre 9.7 (0.7) 16 (2.7) 2.2 (1.3) 12.2 (3.2)
50 Pouches per Acre 8.6 (0.4) 12.7 (1.0) 25.9 (7.7) 10.7 (1.2)
Control 9.1 (0.5) 14.5 (1.6) 25.4 (7.2) NA
No statistical comparisons made. See text for more details.
Table 4. Ponderosa pine stand characteristics prior to treatment in experimental plots, summer 2002, 
Black Hills National Forest, SD. Numbers in parenthesis denote standard error of the mean.
  Mean Trees Mean Basal Area  Mean Stand
Treatment Mean DBH (in) per Acre (ft2/acre) Density Index
30 Pouches/Acre 7.5 (0.4) 379.0 (17.8) 158.4 (27.3) 258.4 (12.6)
50 Pouches/Acre 8.1 (0.6) 409.6 (72.4) 152.0 (13.3) 289.4 (30.7)
Control 7.0 (0.8) 603.2 (214) 175.4 (33.9) 317.2 (46.3)
No statistical differences observed (p < 0.05).
Table 5. Mountain pine beetle-killed Ponderosa pines and pitch outs, 2002 verbenone test, Black Hills National Forest, SD. 
Numbers in parenthesis denote standard error of the mean.
Treatment Number of Trees Number of Mass-attacked Trees Number of Pitch-outs
30 Pouches/Acre 6 1.2 (1.0) Only 1 tree in one plot
50 Pouches/Acre 27 5.4 (1.6) 1.0 (0.4)
Control 26 5.2 (3.4) 2.8 (1.5)
No statistical differences observed (p < 0.05).
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control to 5.6 in a 68 bubble caps per acre treatment. 
The authors did not report the percent of trees attacked 
by mountain pine beetle in the study. Gibson and others 
(1991) conducted another study in ponderosa pine in 
the Kootenai NF. They used the same bubble caps rates 
as above. They observed no differences among treat-
ments. That study reported percent of attacked trees 
varied from 2.3 to 15.8 percent.
In lodgepole pine, Progar (2005), using the verbe-
none pouch releaser (eluting 25 mg/day at 86 °F) at a 
rate of 20 per ¼ acre, reported successful reduction in 
mountain pine beetle-caused mortality during the first 
2 years of treatment, but no reduction was found in the 
following 3 years. In this study, median percent mortal-
ity levels after 2 years were 12 and 59 percent of the 
trees > 5.1 inches in the treated and untreated stands, 
respectively. After 5 years, the percentages were 67 
and 87 in the treated and untreated stands, respectively. 
Bentz (2005) reported increased effectiveness using 40 
pouches/acre (with a higher elution rate of 50 mg/day at 
86 °F) compared to the control. In this study, the num-
ber of trees/plot ranged from 10 to 335 trees. Attacked 
tree percentages ranged from 0.1 to 20 percent in the 
control plots and from 4 to 60 percent in the verbenone-
treated plots.
Although it is difficult to adequately compare dif-
ferences in bark beetle population pressure, stand/site 
conditions, and treatments from the various studies, 
they do cover a wide range of attacked trees from as 
low as 1 percent to as high as 41 percent. This suggests 
that insect population densities, although certainly low 
in our study, may not be the single attribute affecting 
our results where no differences between treatments 
were observed.
Verbenone and Stand Microclimate
Amman and Lindgren (1995) discuss several poten-
tial reasons for inconsistencies in results of previous 
studies. They mention that weather factors, such as 
high temperatures, may cause verbenone to elute prior 
to beetle dispersal. Holsten and others (2002) measured 
release rates, under field conditions, from bubble caps 
filled with either verbenone or methylcyclohexenone 
(antiaggregant for Douglas-fir beetle, Dendroctonus 
pseudotsugae). They concluded that ambient air and 
litter layer temperatures were key determinants influ-
encing release rates with higher temperatures resulting 
in faster release rates. Amman and Lindgren (1995) 
also indicate that when verbenone is exposed to light, 
isomarization takes place, which changes verbenone to 
chrysanthenone, a chemical that does not affect moun-
tain pine beetle behavior.
Various studies using pheromone surrogates have 
demonstrated that turbulence and the meteorology 
within the forest canopy can influence pheromone dis-
persion (Aylor and others 1976; Murlis and Jones 1981; 
Elkinton and others 1984; Mafra-Neto and Carde 1994). 
Recently, Thistle and others (2005) started an examina-
tion in Mississippi of the influence of stand thinning 
on the dispersion of a chemical that acted as a phero-
mone surrogate. Preliminary results suggest that solar 
radiation increases in a loblolly pine, Pinus elliotii 
Engelm., stand thinned to 70 ft2/acre basal area. This 
results in unstable air creating a turbulent environment 
compared to an unthinned stand. This may increase 
pheromone dispersion affecting pheromone cues used 
by insects to communicate.
Bartos and Amman (1989) examined stand microcli-
mate in a thinned and an unthinned lodgepole pine stand. 
The unthinned stand had a basal area of 161 ft2/acre, 
441 trees/acre and a mean dbh of 7.3 in. The thinned 
stand had a basal area of 96 ft2/acre, 287 trees/acre, 
and a mean dbh of 8.0 inches. All measurements were 
significantly different between the thinned and the un-
thinned stands. They observed increased light intensity, 
wind movement, and temperature in the thinned stand 
compared to the unthinned stand. In the Black Hills, 
Schmid and others (1992) indicated no significant dif-
ferences in vertical wind speeds between a ponderosa 
pine stand thinned to 60 GSL, two stands cut to 80 GSL, 
and a unthinned stand of 150 GSL (GSL = Basal area 
when average stand diameter is 10 inches).
In another study, Schmid and others (1995) compared 
microclimate characteristics between a thinned and an 
unthinned ponderosa pine stand in the Black Hills. The 
unthinned stand had a basal area of 148 ft2/acre and a 
mean dbh of 10.8 in, whereas the thinned stand had a 
basal area of 79.2 ft2/acre and a mean dbh of 11.2 in. 
They observed no significant differences in air tempera-
ture or horizontal air speed, but reported increased solar 
radiation in the thinned stand. Comparing the lodge-
pole pine study with the ponderosa pine study is not 
feasible because overall environmental conditions and 
stand structures are most likely different. However, it 
is evident that a more open lodgepole pine stand had 
different environmental conditions than a dense, un-
thinned stand. Thistle and others (2005) suggest that 
pheromones may be more widely dispersed in open 
stands, making it less effective. Lodgepole pine forest 
canopy cover is denser than canopy structures found in 
ponderosa pine forests. Schmid and others (1995) only 
observed differences in solar radiation, yet it was not a 
replicated study and may have been conducted under 
abnormal weather conditions.
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Conclusions____________________
Because ponderosa pine stand structures are less 
dense, they probably experience higher temperatures, 
high solar radiation, and increased wind movement. 
These microclimate patterns may result in a more 
turbulent environment that disperses the pheromone 
affecting insect communication. This may explain the 
consistent observations where verbenone treatments 
applied in ponderosa pine stands are not efficacious. 
Further testing of verbenone applications in ponderosa 
pine stands should be conducted. These studies should 
include higher release rates and the use of timed release 
devices that target daily and seasonal bark beetle peak 
flight to enhance pheromone exposure to the insects and 
minimize loss to dispersion.
Management Implications_________
Studies to date on the use of verbenone to reduce 
mountain pine beetle-killed trees in ponderosa pine 
stands have not detected significant reductions in the 
number of trees attacked. Operational use of this strat-
egy in ponderosa pine forests is not advisable at this 
point until further studies prove otherwise.
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